TREATMENT OF DIABETES 

"Field of the Invention 

The present invention relates to methods and 
compositions for treatment of diabetes. 

Background of the Invention 

The recent findings of the Diabetes Control and 
Complications Trial (DCCT) carried out by the U.S. 
National Institute of Health have emphasised the 
importance of doing everything possible to normalise 
blood glucose levels in diabetics to avoid or delay 
micro-vascular damage. Intensified insulin therapy has 
been- shown by the trial to improve glycaemic control but 
is accompanied by the risk of hypoglycaemia . This limits 
the degree of glycaemic control which can be safely 
attempted , so that true normalisation of blood glucose 
levels cannot be achieved with insulin therapy alone. 

Glucagon-like peptide 1(7-36) amide or glucagon-like 
insulinotropic peptide (GLIP) is a gastrointestinal 
peptide which potentiates insulin release in response to 
glycaemia in normal humans. 

Glucagon-like insulinotropic peptide has been 
suggested for use either alone or in conjunction with 
oral hypoglycaemic agents in Type II or non-insulin 
"dependent diabetes (Gutniak et al., (1992), N.E.J.M. vol: 
326, p. 1316; International Patent Application No. 
W093/18786) . These authors have noted a synergistic 
effect between the peptide and oral hypoglycaemic agents 
in Type II diabetics. 

The present inventor has found, unexpectedly, that 
administration of glucagon-like insulinotropic peptide 
permits improved glycaemic control in subjects with 
insulin-requiring diabetes. 



mimmar y of T nvention 

In accordance with one embodiment of the 
present invention, a method is provided for treating 
insulin-requiring diabetes in a mammal comprising 
5 administering to the mammal in a suitable regimen an 

effective amount of insulin and an effective amount of a 
peptide comprising a peptide selected from the group 

consisting of 

(a) glucagon-like peptide 1(7-37); 
10 (b) glucagon-like peptide l(7-36)amide; and 

(c) an effective fragment or analogue of (a) or 
(b). 

in accordance with a further embodiment of the 
invention, a peptide comprising a peptide selected from 

15 the group consisting of 

(a) glucagon-like peptide 1(7-37) ; 

(b) glucagon-like peptide 1(7-36) amide; and 

(c) an effective fragment or analogue of (a) or (b) 
is used for the preparation of a medicament for use in 

20 the treatment of insulin-requiring diabetes in a suitable 
regimen which additionally comprises treatment with 
insulin. 

In accordance with a further embodiment of the 
invention, a peptide comprising a peptide selected from 

25 the group consisting of 

(a) glucagon-like peptide 1(7-37); 

(b) glucagon-like peptide 1(7-36) amide; and 

(c) an effective fragment or analogue of (a) or (b) 
• is used for the preparation of a medicament which also 

30 includes insulin for treatment of insulin-requiring 
diabetes . 

in accordance with a further embodiment of the 
invention, a pharmaceutical composition is provided for 
the treatment of insulin-requiring diabetes comprising 
35 an effective amount of a peptide comprising a peptide 
selected from the group consisting of 

(a) glucagon-like peptide 1(7-37) ; 
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(b) glucagon-like peptide 1 (7-36) amide; and 

(c) an effective fragment or analogue of (a) or (b) 
and a pharmaceutical^ acceptable carrier. 

In accordance with a further embodiment of the 
invention, a method is provided for treating Type I 
diabetes in a mammal comprising administering to the 
mammal an effective amount of a peptide comprising a 
peptide selected from the group consisting of 
(a) glucagon-like peptide 1(7-37); 
0 (b ) glucagon-like peptide 1 (7-36) amide; and - 

(c) an effective fragment or analogue of (a) or 
(b) . 

In accordance with a further embodiment of the 
invention, a peptide comprising a peptide selected from 
L5 the group consisting of 

(a) glucagon-like peptide 1(7-37); 

(b) glucagon-like peptide 1(7-36) amide; and 

(c) an effective fragment or analogue of (a) or (b) 
is used for the preparation of a medicament for use in 

20 the treatment of Type I diabetes. 
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finwiaarv of Drawings 

Figure 1A shows blood levels of glucose, Figure IB 
shows C-peptide, Figure ID shows human pancreatic 
polypeptide (HPP) , Figure ID shows glucagon and Figure IE 
ihows gastrin in Type I diabetic subjects after Sustacal 
meal alone (O) or Sustacal meal with CLIP infusion (•) . 

Figure 2A shows blood levels of glucose and Figure 
2B C-peptide in Type I diabetic subjects during glvXcose 
infusion alone (O) or along with IV GLIP(«) . 

Figure 3 A shows blood levels of glucose (expressed 
as the change (A) from baseline values at time zero) and 
Figure 3B shows C-peptide. (expressed as the change (A) 
from baseline values at time zero) in Type I diabetic 
subjects after Sustacal meal and saline infusion (O) or 
sustacal meal with infusion of 0.75 pm GLIP/kg/min (a). 
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Figure 4A shows blood levels of glucose, Figure 4B 
shows C-peptide, Figure 4C shows insulin and Figure 4D 
shows human pancreatic polypeptide (HPP) in normal 
subjects after Sustacal meal alone (O) or Sustacal meal 
immediately preceded by a subcutaneous injection of .100 



liq GLIP v-/ • 

Figure 5A shows blood levels of glucose, Figure 5B 
shows C-peptide, Figure 5C shows insulin and Figure 5D 
shows human pancreatic polypeptide (HPP) in Type I 
10 diabetic subjects after Sustacal meal alone (O) or:, 
sustacal meal immediately preceded by a subcutaneous 
injection of 100 fiq GLIP (©) • 

Figure 6A shows blood levels of glucose, Figure 6B 
shows C-peptide, Figure 6C shows insulin, Figure 6D shows 
15 human pancreatic polypeptide (HPP),- Figure 6E shows GLIP 
(GLIP-D and Figure 6F gastrin in a Type I diabetic 
subject who received 5 Units regular human insulin and 50 
pg GLIP spontaneously prior to a Sustacal meal, 
nailed De«frH ption " f Tnvention 
20 The glucagon-like peptide l fragments, glucagon-like 

peptide i(7-36)amide and glucagon-like peptide 1(7-37), 
show essentially similar insul inotropic and other 
biochemical effects in humans and other mammals. 

Glucagon-like peptide 1(7-36) amide is referred to 

25 herein as GLIP. 
- - - - The present invention provides a method of treating . 
Type I diabetes by administration of an effective amount 
of GLTP, or other glucagon-like peptide 1-related 
peptide, either alone or in conjunction with a regimen of 
30 insulin administration. 

Although the discussion herein refers to use of 
«GLIP«, it will be understood by those skilled in the art 
that the therapeutic methods of the invention may be 
practised by employing GLIP, glucagon-like peptide 1(7- 
35 37), an effective peptide including GLIP or glucagon-like 
peptide 1(7-37), or an effective fragment or analogue of 
GLIP or glucagon-like peptide 1(7-37). 

3 . s 
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As is seen in Figure 2, IV administration of CLIP 
along with intravenous glucose stimulated secretion of 
endogenous insulin in the subjects studied and gave 
improved control of blood glucose level. These subjects 
5 were in the remission phase, or so-called "honeymoon 
phase" , of IDDM characterised by substantial remaining 
endogenous insulin secretion. 

The same dose of CLIP (1.2 pm/kg/min) gave excellent 
control of blood glucose level in these subjects after a 
10 meal, as seen in Figure 1, Panel A. Under theses- 
conditions, CLIP infusion also prevented a significant 
increase in blood levels of C-peptide. 

After the Sustacal m-aal, the test subjects showed 
normal secretion of pancre.atxc polypeptide (PP) but this 
15 response was absent during CLIP infusion (Figure 1, Panel 
C).. It is believed that this abrogation of PP response 
was due to the delayed passage of the meal from the 
stomach to the small intestine as a result of CLIP 
administration. That it was not due to a general 
20 suppression of gastrointestinal peptide secretion is 

indicated by the normal gastrin response to the presence 
of food in the stomach in chese subjects (Figure 1, Panel 

Administration of CLIP prevented the mean rise in 
25 plasma glucagon, levels stimulated by the meal in the 
.-- absence of CLIP. Gastrin levels ware not significantly, 
affected. 

Administration of a lower dose of CLIP (0.75 
• pmol/kg/min) along with a meal resulted in some-increase 
30 in blood glucose and C-peptide, as seen in Figure 3. 
Although the increase in glucose was less than in the 
control experiment, the rise in C-peptide was similar to 
the control experiment. 

CLIP is known to cause delay of gastric emptying in 
35 humans and other mammals (Wettergren et al., (1993), 

Digestive Diseases and Sciences, v. 38, p. 665). As seen 
in Figure 4, when CLIP is given subcutaneously to normal 
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subjects prior to ingestion of a meal, there x. a delay 
of 3 o to 60 xainutes in the rise in blood glucose level. 
This delay is likely due to inhibition of gastric 
emptying. 

When Type I diabetics were given CLIP subcutaneous ly 
prior to ingestion of a test meal, a lowering of blood 
glucose levels was seen compared to the control figures 
when no CLIP was administered (Figure 5, Panel A). The 
delayed rise in pancreatic polypeptide (HPP) levels 
(Panel D) indicate delayed gastric emptying. As.- : seen 
from Panels B and C, there was no enhancement of insulin 
secretion over control levels to account for the lower 

glucose levels. 

It may be that the improved glycaemic control seen 
with CLIP administration in Type I diabetics is due to 
delay of the post-meal rise in blood glucose through the 
interval required for the establishment of the effect of 

insulin. . 

The efficacy of CLIP administration along with 
insulin in restraining the expected rise in blood glucose 
after a standard meal in Type I diabetes is seen xn 
Example 6 and Figure 6. 50 M9 GLIP was administered 
along with -half the insulin dose that would usually be 
required to deal with the test meal. As seen in Figure 
6 Panel A, blood glucose did not rise above 8 mM. With 
this size of meal and half the usual insulin dose, 
considerably higher blood glucose levels would have been 
expected, in the absence of the effect of CLIP. For 
example, with this meal and no insulin, blood glucose 
levels reached 15 tfM, as seen in Figure 5, Panel A. 

As seen from Figure 6, Panel E, GLIP was cleared 
from the blood in about two hours so that P re~meal GLIP 
administration would not be expected to interfere with 
management of subsequent meals. _ 

When GLIP is used to improve glycaemic control xn 
Type I diabetics having residual endogenous insulin 
secretion capacity, both the insul inotropic effect of the 
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hormone and its effect to delay gastric emptying will 
contribute to its effect. Some remission phase Type I 
subjects may be sufficiently controlled by administration 
of GLIP alone, without exogenous insulin. 

In the majority of patients with Type I diabetes, 
however, treatment with a regimen including both GLIP and 
insulin is likely to be required. These studies indicate 
that the observed effects of GLIP on glycaemia are not 
dependent on stimulation of insulin release and are 
therefore not limited to diabetics retaining residual 
insulin secreting capacity. 

The use of GLIP in treating Type I diabetes, in 
accordance with the present invention, provides improved 
glycaemic control and reduces post-prandial excursions of 
15 blood glucose. This accords with the current emphasis on 
normalising blood glucose levels as much as possible, to 
reduce diabetic complications. 

Furthermore, a regimen combining administration of 
insulin and administration of GLIP, in accordance with 
20 the present invention, is applicable to patients with 
insulin requiring diabetes which would not strictly be 

classified as Type I. 

An insulin-requiring diabetic is a diabetic who 
is unable to avoid hyperglycaemia without the use of 
25 insulin. The invention further provides a method for 
- - treating patients with diabetes which is etiologically . 
Type II but requires insulin treatment. 

Diabetics frequently find the requirements for food 
• intake and insulin administration at midday particularly 
30 irksome and an interference with work and other 

activities. By administering GLIP to diabetic subjects 
at breakfast time, along with administration of longer 
acting insulin if necessary, diabetics may be able to 
omit lunch or greatly reduce the size of that meal, and 
35 thereby avoid the need for midday insulin. 
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The delayed adsorption of nutrients when both CLIP 
and insulin are administered before breakfast will also 
reduce the risk of hypoglycaemia if lunch is delayed. 

The studies described herein also indicate that a 
therapeutic regimen including both CLIP and insulin will 
in many cases permit the use of reduced doses of insulin. 
This is also beneficial in the avoidance of hypo- 
glycaemia . 

CLIP or its related peptides which may be employed 
in the treatment methods described herein may be 
administered orally, nasally or parenteral* . Parenteral 
administration may be by a variety of routes including 
subcutaneous or intravenous infusion, and subcutaneous or 
intravenous injection. 

The regimen of CLIP or CLIP and insulin 
administration required to give the desired glycaemic 
control in a diabetic patient can be readily determined 
by those skilled in the management of diabetic patients. 
As will be understood by those skilled in the art, 
0 any suitable insulin preparation may be used in 

conjunction with CLIP administration in the combined 
regimen described herein. 

Suitable insulins include regular or fast-acting 
insulin to maintain blood glucose control through the 
25 post-prandial interval, with or without addition of 

- longer-acting insulin to maintain blood glucose control . 
through the post-absorptive interval. 

The dosages of CLIP required may be optimised for 
each subject by evaluation of the degree of glycaemic 
30 control achieved by trial doses. 

Another convenient method of monitoring the level of 
effect of GLIP on a subject is to monitor the blood level 
of pancreatic polypeptide in response to trial doses of. 

GLIP. 

35 such dosage and regimen adjustments are now 

commonplace, for example for diabetics treated wit* 
fixtures of fast and slow acting insulins. These mixed 



t ♦ 

preparations are available in various ratios of fast to 
slow and an appropriate ratio must be selected for a 
particular patient by trial doses. One patient may even 
employ insulin preparations of different ratios to handle 
varying sizes of meals. By similar testing, a suitable 
CLIP and insulin regimen may be selected. 

CLIP and insulin may be administered separately or 
may be prepared and administered as a single formulation. 

EXAMPLES 

F.v am ple 1 

7 subjects with remission phase Type I diabetes were 
studied after ingestion of a standardised meal of 
sustacal (Upjohn) (delivering 30 kg/kg) . Subjects 
continued their normal insulin treatment programme on the 
day prior to the test and, on the day of the test, 
omitted their morning insulin injection and arrived 
fasting at 8:00 am. On one test day. they were given the 
Sustacal meal, followed immediately by initiation of 
intravenous infusion of CLIP (synthetic human GLIP- (7- 
36)amide from Peninsula, U.K.) at an infusion rate of 1.2 
pm/kg/min. Infusion was continued for 120 minutes. 
Blood levels of glucose, C- P eptide, gastrin, glucagon and 
HPP were monitored by standard radioimmunoassay methods 
in samples taken before and at intervals during the 
study, up to 180 minutes. On another test day, subjects 
were given the Sustacal meal alone and the same analytes 
were similarly monitored. 

Results are shown in Figure 1. 

Kvam ple 2 . 

Four subjects with remission phase Type I diabetes 
were studied during intravenous glucose infusion. 
Subjects prepared for the tests as described in Example 
5 i but received an intravenous infusion of glucose (20 g 
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over 60 Bin. constant rate > instead of the Sustacal meal. 
On one test day, they also received intravenous CLIP for 
60 minutes (1.2 pm/kg/min for 60 min.) and on another 
test day, they received IV glucose alone. Blood levels 
of glucose and C-peptide were monitored as in Example 1. 
The results aire show.-, in Figure 2. 

F.vample 3 

Four subjects with remission phase Type I diabetes 
were studied during infusion with 0.75 pm/kg/min -CLIP for 
120 minutes after a Sustacal meal. • 

The test was conducted as described in Example 1 and 
blood glucose and C-peptic.e levels were measured. On a 
further test day, the sublets were studied during saline 
15 infusion after a similar Sustacal meal. 
Results are shown in Figure 3. 

•Rvam ple 4 

7 normal volunteers were studied after ingestion of 
a Sustacal meal either alone or immediately preceded by a 
subcutaneous injection of -00 nq GULP . 

Results are shown in rigure 4. * indicates 
statistically significant differences between treatments 
(p<0.05) . 

A delay in increase in blood levels of glucose, HPP, 
C-peptide and insulin was seen. When the experiment was- 
repeated with 50 or 200 m dose of CLIP, 
proportionally shorter and longer delays, respectively, 

were seen. 
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•Rvample 5 

7 Type I diabetic subjects were studied. Sublets 
omitted their morning insulin injection on the days of 
the tests and were given a Sustacal meal alone one day ■ 
and, on another day, a Sustacal meal immediately preceded 
by a subcutaneous injection of 100 nq CLIP. 
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The results are shown in Figure 5. * indicates 
statistically significant differences between treatments 
(p<0.05) • 

Example 6 

One Type 1 diabetic subject was given GLIP along 
with insulin and the effects on post-prandial glycaemia 
observed. The subject received 5 units of insulin and 50 
pig GLIP as subcutaneous injections immediately prior to 
ingestion of a Sustacal meal as described in Example 1. 
The results are shown in Figure 6. Blood levels of GLIP 
were monitored by a standard radioimmunoassay method. 

Although only preferred embodiments of the present 
invention have been described, the present invention is 
not limited to the features of these embodiments, but 
includes all variations and modifications within the 
scope of the claims. 



